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TWc´sJ`dc9u=^9TrvP`ds|Trfw“�m]vJ†o`”úD}´“´m.vJ†o`LµNcehJn�•Uc

g9hqm�g�g9hJ`Uu=nDfDg9`bf�g9cƒn]›qg9hJ`Uu=nD^e^9`dcea�nDfqsHTofJk!gehJTo^Rg0x�Ylg0•Fn�sJm.g9m

v x�ge`@cŠsH`baP`bf�s�Trf•aqm]^RgŠnDf�•Lhqm�g�g9hJ`UŒ�Toub^enDaqm]u$ªD`=gƒg0x a�`NTocd‚

Tl} `D}r‚JgehJ`�¢q^$cRg—›5nD{J^LvJTrg9c°¤§vJTrg9c û.YZ²�¥�n]›�g9hJ`°u=nDf�ge^9n]†•v xDg9`dcd}

³´Tok]{J^9`–µ�cehJn�•Uc´geh�m�gƒgehJ`Nµ.\.YZv xDg9`—SNToVFVŠXZY‹[.\^ûŒûLhJ`@m]sH`d^

ubn]fqceTocRg9c�n.›�g0•FnthJ`@m]sH`d^9c�� gehJ`¬Œw`@sHTWmtm]ubub`dc9c�u=nDf�ge^9n]†

¤ •‰’N±–¥•hJ`@m]sH`d^
m.fqs!g9hJ`ŠX0•�•F•z‡ŒûDµJ} µF
ƒ±L€.žH®!’NVzhJ`@m]sH`d^

±Fn]f�g9^enD†PX‹fJ›5n]^9Œ�m.geTon]f©¤§‡wv x�ge`dc$¥

ˆ—T¦g�� ³q{Jfqu8g9TrnDf

û�Y‹² •�TWu=^9n]aqmDu$ª]`bg�g0x a�`

\.Y

�

�NTo^ege{qm]†&u$hqm.fJfq`b†&ce`b†o`du8g9n]^

[�Yzúd² “�^9m]fqcRŒ�TrgUcR`@„D{q`bfqub`�f {JŒ|v�`d^

úb\]Y‹µ[ú �L`@u=`bTo…]`”ce`d„�{J`dfqu=`�f {JŒ�vP`b^°¤ ’N±��°¥

µ]µ “´m.To†�vJT¦g�¤§`bfqsœn]›´Œ�`dc9c9m.k]`(¥

µ.² •Š^9^9n]^�¤5{JfJ^9`dubn�…]`d^9m]vJ†r`!{JaqcRge^9`dm]Œ `b^9^enD^$¥

µ�\]Y‹µ]  ±F^9`dsHTrgL{JaPsqm�ge`”…�m]†r{J`

²Œû.YZ²€ú �NTo^ege{qm]†&u$hqm.fJfq`b†��»›5nD^Uu=^9`dsHTrgU{Ja•sJm�g9`

²Dµ�Yl\H¡ •Šf�s Y g9n.YZ`bfqsz± �U±

\D‡.YZ[D² &TofJª�YZ†r`d…]`b†
± �U±

“´m.vJ†o`’ú 4 ±Fn]f�ge`df�g9cyn.›·gehJ`˜±FnDfDg9^enD†•ˆFx�g9`dcyTrf mŽ•�TrY

ub^enDaqm]u$ªD`=gd}

� m.fqsšg9`bf™¢q`d†osJcd}½“–hJ`¬•¬’N± hq`dm]sJ`b^�TWc�TWsH`bf�g9Toudm.†Ug9n

g9hJ`¬X0•F•�• ‡Œû�µH} ²©hJ`dmDsH`b^•`=jJu=`daHg•g9hqm�g·gehJ`�†r`dfJk.g9hi¢q`b†Ws

¤ • †r`df�¥
Tocƒ²DµUvJTrg9c´^9m.gehJ`d^
g9hqm.f�úd[NvJT¦g$cƒm]c�Trf|X0•�•�•�‡Œû�µH} ²J}

“–hJ`•^e`@m]cen]fy›5n]^�gehJTWc�sHT �•`b^9`bfqub`•TWc�sH{J`�gen¬nD{J^°fJ`d`ds©›5nD^

SNToVFVŠXZY‹[.\ˆûˆû·gen¬h�m.fqsH†o`•†Wm.^9k]`d^�Œ�`dc9c9m.k]`@cb}�“–hJ`·¸ ¶N�’

m]fqs•ž ¶N�’ ¢q`d†osqc°^9`baJ^9`dce`bf�g”gehq`•\D‡.YlvqT¦g�X0•F•�•º¶NfJTr…D`b^eY

c9m.†�
’!®¨m]sJsH^9`dc9ce`dc�›5n]^—gehJ`”cen]{J^$u=`�m.fqs�gehJ`”sH`@c0g9Trf�m�geTon]f
}

“–hJ`wX0•�•F•˜‡ˆûDµJ} µ•�´±L€]žH®N’!V˜hq`dm]sJ`b^�ubm.^9^9Tr`@cUg9hJ`••�gehJY

`d^efJ`bg9“Fx a�`D‚H•LhJTou$hzce`b†o`du8g$c–gehq`”{JaJaP`b^eYl†Wm(x]`d^FaJ^9n.g9nHu=n]†l}

S_ULA

M_len
Ctl Org

Org Org EtherType
DSAP SSAP

D_ULA
(lsb)

(lsb)

LLC/SNAP header
IEEE 802.2

MAC header

³´Tok]{J^9`°µ�4ŠSUTWV�V�XZYZ[]\ˆûˆû°SU`@m]sH`d^

����� ���

¸ˆ·
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SUTWV�V�XZYZ[]\ˆûˆû«aq^en�… TWsH`dc ›5nD^ ›5nD{J^ … To^Rg9{qm.†Žu$hqm.fqfJ`b†Wc

¤��!±—c9¥�Tofw`@m]u$h�sHTo^e`@u8geTon]fwn]fw`dmDu$h|aqh�xHceToudm.†H†oTrfqªP} �!±—c�m.^9`

mDceceTrkDfJ`ds�v�m]ce`ds”nDf|cea�`@u=Tr¢�u�Œ�`@cec9m.kD`�cRToŸb`@cF¤��!±£û0/£µ1�”ˆ�‚

�!±”ú2/öú(µ.‡3�”ˆ�‚��!±–µ4/öú(µ.‡2�”ˆ�‚dm]fqs �!±—²5/©\!‘�ˆL¥&m]fqs

g9^9m]fqc0›5`d^ŠŒ�`=g9hJnHsJcb}L¤ “–hJ`Uf {JŒ�vP`b^Fn.› �!±—cŠTWcŠsH`d†rTovP`b^$m�ge`d†rx

†oTrŒ�Trge`@s”gen!›5n]{q^´mDc
nDaJa�n�cR`@s�gen!gehq`—m]†rŒ�nDcRg�†oToŒwTrge†o`dc9c´f {JŒwY

vP`b^–Tof·’�“L•«v�`@ubm.{�cR`NgehJ`�vJ{��•`b^9TofJk�›5nD^�g9hJ`”SUTWV�V�XZYZ[]\ˆûŒû

ce•LT¦g$u$h¬fJ`d`dsJc�g9n·vP`�n]fHY‹u$hJToa‰›5nD^�aP`b^e›5n]^9Œ•m.fqub`|^9`dmDcRnDfqcd} ¥

•Fm]u$h‰Œ�`dc9c9m.k]`�Toc�Œ•m]sJ`|{Ja�n.›Fm·f {JŒ�vP`b^�n]›�Œ�Toub^enDaqm]u$ª�Y

`bg9cL•LhJTWu$h�m.^9`�ge^$m.fqceŒ�T¦gege`@sœm]fqszsH`b†oTo…]`b^9`dsœTofHYZn]^$sH`b^Ln�…D`b^

m�ceTofJk]†o` �!±!}•“–hJ` �!±˜f {JŒ|v�`d^�sHn `@cUfJn]g�u$hqm]fJk]`�mDcLg9hJ`

Œ�`dc9c9m.k]`ƒg9^9m(…D`b†Wc�›5^9n]ŒŽgehq`�n]^9Tok]Tofqm�g9TrfJk!cRnD{J^9ub`�genNgehJ`�¢qfqm]†

sH`@c0g9Trf�m�geTon]fœn�…]`d^–n]fJ`�n]^LŒ�nD^e`�†oTrfJªHcd}

X‹f‰u=nDf�ge^$m]cRg—g9n�gehJ`�…�To^ege{qm]†
u=nDfJfJ`du=geTon]fqc–n]›ƒ’�“L• m]fqs

g9hJ`F`dfqs Ylgen]Yl`dfqs°u=nDfJfJ`@u8geTon]f�c
{qce`ds�TrfwSUTWV�V�XZYZ‡ˆûŒûJ‚(SUTWV�V�XZY



•�TWu=^9n]aqmDu$ª]`=gL“Fx�aP` ¸�m�g9m “�^9m]fqceŒwTrg �L`@u=`dTr…D` ±F^e`@sHTrg

¤§ˆ—T¦g$c û�Y‹²D¥ ˆ—x�ge`@c ž `d„�{J`dfqu=`0� ž `d„�{J`dfqu=`�� ¶Ua•sJm.ge`

SU`@m]sH`d^ µ.\.YZv�x�g9`!hJ`@m]sH`d^d‚J‡.Ylv x�ge`�{qce`b^Usqm�g9m �Š`dc �Š`dc �Š`@c

¸!m.g9m ²�µ(YZv�x�g9`dc—n.›ƒ{qce`b^UsJm.g9m �Š`dc �Š`dc �Š`@c

’NsHŒ�TofJTWc0g9^9m.geTon]f ’!sHŒ�TrfJTWcRge^$m�geTo…]`�Œ�`dc9c9m.k]` �Š`dc �Š`dc �Š`@c

±F^e`@sHTrgRYZn]fJ†ox ²�µ�v x�ge`@c–n.›�û]c �Š`dc �Š`dc �Š`@c

®U{J†o† ²�µ�v x�ge`@c–n.›�û]c X‹f�…�m]†rTWs �Š`dc X‹f …�m.†oTos

�L`dce`=gUnD^–X‹fJT¦g9Tom]†rToŸb` ²�µ�v x�ge`@c–n.›�û]c X‹f�…�m]†rTWs X‹f …(m]†rTWs X‹f …�m.†oTos

“´m.vq†r`°µ�4F±—m]aqm.vqTr†oT¦g9Tr`@c—›5n]^L`@m]u$hz•�Toub^enDaqm]u$ªD`=g–“�x aP`

[]\ˆûŒûšce•LT¦g$u$hJ`dc�{�cR`t•—n]^9Œ�hJn]†o`©^enD{HgeTofJkq} X‹fº•FnD^eŒ�hJnD†r`

^9n]{Hg9Trfqkq‚ m�Œ�`dc9c9m.k]`!ubm.f•v�`�cR`df�g—Tof�gen°g9hJ`�fJ`=g0•—n]^9ª|•LTrgehJY

nD{Hg�aJ^eTon]^zª fJn�•L†o`dsHkD`�n]›|•LhJ`bgehJ`d^�n]^zfJn]g¬m•›5^9`b`©aqm.geh

TWc�m(…�m]Tr†Wm.vJ†o`™genpgehJ`¨sH`@c0g9Trfqm.geTon]f hJn�c0g@} “–h {qcd‚•g9TrŒ�`bY

ubn]fqce{JŒ�Trfqk£u=To^9ub{JTrgœce`=gRYZ{Ja m]fqs™g9`dm.^eY‹sHn�•Lfim.^9`‰fJn.gœ^e`bY

„�{JTo^e`@s�‚]m]fqs”g9hJ`LcR•LTrg9u$hJ`@c�sHn�fJn.g�fJ`d`ds�gen�Œ�m]Trf�g$m.Tof|†Wm.^9k]`

m]ŒwnD{Jf�g9c�n]›—cRg9m�g9`�TrfH›5nD^eŒ•m.geTon]f&}�~!f¬g9hJ`•n.g9hJ`b^�hqm]fqs�‚�T¦›

g9hJ`b^9`”TocNu=n]f�g9`bf�geTon]fœ›5n]^–g9hJ`°nD{HgeaJ{JgNa�nD^RgUn]›ƒm•ce•LTrg9u$hzn]f

g9hJ`œc9m.Œ�` �!±!‚
g9hJ`·†Wm�gege`d^wm]^e^9Tr… TofJk‰Œ�`dc9c9m.k]`•Toc|vJ†on u$ªD`ds

{Jf�g9Tr† g9hJ`–`dm.^9†oTr`d^´m]^e^9Tr… TofJkNŒ�`@cec9m.kD`FhqmDcƒu=n]Œ�aJ†o`=g9`ds�ge^$m.fqcRY

Œ�TWceceTrnDf&}”“
nœaJ^9`b…D`bf�g�m•†om]^ekD`�Œ�`dc9cem]k]`”›5^9n]Œ vq†rnHu$ª Trfqk·m

ceŒ•m.†o†PŒ�`@cec9m.kD`]‚�gehJ`�Œ�`dc9c9m.k]`@cFm]^e`!ge^$m.f�cRŒ�TrgRge`@s•n�…D`b^–sHTr›;Y

›5`d^e`dfDg.�!±—cb}t“–hJTWc|TocwTof£u=nDfDg9^9mDc0g�gen©SUTWV�VŠXZY‹‡Œûˆûz•LhJ`b^9`

m�†om]^ekD`•Œ�`dc9c9m.k]`·Œ•m(xtvJ†rnHu$ª•m]f�xtf {JŒ|v�`d^•n.›NŒ�`@cec9m.kD`dc

„�{J`d{J`ds·›5n]^–g9hJ`°c9m.Œ�`�n]{Hg9aJ{HgUaPn]^egd}

��� � �
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SNToVFVŠXZY‹[.\ˆûˆû aJ^9n�… TosH`@c˜›5n]^º†oTrfJª�YZ†r`d…]`d† ‚�hJn]aHYZv x�YlhJnDa&‚

ub^e`@sHT¦geYlv�m]ce`ds��qn�•iu=nDfDg9^enD†
¤§m�†om���}*µ

�

vJ{Hg—•LT¦g9hJn]{JgFvP`bTofJk

ubn]fJfJ`@u8g9TrnDfHYlnD^eTo`bf�g9`dsq¥œg9n aJ^9`b…D`bf�g¬n�…D`b^9^e{JfqfJTrfqk_vJ{��•`b^$c

m.g!TofDg9`b^9Œ�`dsHTWm�g9`|ce•LT¦g$u$hJ`dc�m.fqs¬m�g�gehJ`wsH`dcRgeTofqm�g9TrnDf¬hJn�c0g@}

³´Tok]{J^9`°²•cRhqn�•Uc—gehqm.g!u=^9`dsHTrg9cNm.^9`�mDceceTok]fJ`@s•nDf‰m �!±ivqm.Y

ceTocd}�“–h {qcd‚�u=nDfJk]`@c0g9TrnDf�nDf”n]fJ`+�!±‰•LTo†o†DfJn]g�cRg9m.†o†.g9^9m ��u�n]f

m]fJn.g9hJ`b^ �!±!}P’!c!Tof¬“N±—Vƒ‚�gehJ`�sH`@c0g9Trfqm.geTon]f‰kD^9m]f�g9cUub^e`@s Y

Trg9c°gen�Œ•m�g$u$h©gehJ`�f {JŒ|v�`d^°n.›–›5^9`b`�^9`dub`bTo…]`�vJ{��•`b^$c”›5nD^�m

aqm]^Rg9Toub{J†Wm.^ �!±!}ƒ“–hJ`•cen]{J^$u=`•`bfqs©n]›LgehJ`·†rTofJª�gehJ`df£u=nDfHY

ce{JŒ�`dc”ub^e`@sHT¦g$c”m]c�Trg°Œ�n�…]`dc�Œ�TWu=^9n]aqmDu$ª]`=g$cU›5^9n]Œ gehJ` �!±

vJ{��P`d^9c—g9n|g9hJ`”n]{JgeaJ{HgLvJ{��P`d^d}�¹y`°m.k�m.Tof·cRge^9`dc9c�g9hqm�g–g9hJ`

�qn�•˜u=n]f�g9^enD†PTWc–n]fzmwa�`d^RYZ†oTrfJª‰¤§n]^LaP`b^eYlhqn]a�¥FvqmDcRTWcb}�“–h {qcd‚

g9hJ`·cen]{J^$u=`•Œ•m(xyv�`•gehJ`·n]^9TrkDTrf�m�geTofJk‰cen]{J^$u=`•hJnDcRg�n]^wm.f

Tof�ge`b^9Œ�`dsHTWm�g9`�ce•LT¦g$u$h&¾•†rToª]`d•LToce`]‚qgehJ`wsH`dcRgeTofqm�g9TrnDf�Œ•m(x·vP`

m]f·Tof�ge`b^9Œ�`dsHTWm�g9`°cR•LTrg9u$hœn]^–g9hJ`°sH`@c0g9Trfqm.geTon]fœhJnDcRgd}

X‹f•nD^9sJ`b^°g9n�mDu$hJTr`d…]`•[]\ˆûˆû�•�vP€�cd‚�vJ{��•`b^$c|hqm]s©g9n¬vP`

nDfHYZu$hqTraŽm.fqs˜†rToŒ�T¦g9`ds˜genŠúOû �”ˆ ›5nD^z`dm]u$h˜n.›|gehJ`©›5nD{J^

�!±—cd}�“–hJTWc|vJ{��•`b^eYZceTrŸd`·ubn]fqcRge^$m.Tof�g�†rToŒ�T¦g$c°g9hJ`œaJh x ceTWubm.†rY

†oTrfqªw†o`bfqk.geh�gen�^9n]{qk]hJ†ox|nDfJ`Uª To†rnDŒw`bge`d^d¾ n.g9hJ`b^9•LTWcR`D‚Dcea�`d`ds

sH`dk]^$m]sJm.geTon]f�nHubub{J^$cb}�’—g�[]\ˆûˆû�•�vP€.cb‚

�

fqc$€�Œ aJ^enDaqm.k�m�Y

g9TrnDf‰sH`b†Wm(x]‚qm]fqsUúsû �”ˆ Trf��qTok]h�gd‚qgehJ`�Œ�m.jHTrŒ|{JŒ ^9n]{Jf�s Y

g9^eToa•sHTocRg9m]fqu=`–TWcŠµH}

�

ª�Œz}ƒSUn�•—`b…D`b^@‚�v�`@ubm.{�cR`—gehqToc�f {JŒ|v�`d^

sHn `@c�fqn.g�Trf�u=†o{qsH`Lm.f x”aJ^9nHu=`dc9ceTrfJk�n�…]`d^ehq`dm]s&‚dg9hJ`–†rTofJª�sJTocRY

g$m.fqub`�•–m]cLceaP`du=Tr¢q`@s·mDcLm�Œ�m.jHTrŒ|{JŒ n.›bú�ª Œœ}

“�n•`bfqce{J^9`‰^9`b†oTom]vJ†r`‰ge^$m.fqceŒ�Toc9cRTon]f™vP`=g0•—`b`df_m•cRnD{J^$u=`

m]fqs_sH`@c0g9Trfqm.geTon]f&‚�m]czcehJn�•Lf_Tof˜³´TrkD{J^9`�²J‚�SUTWV�V�XZYZ[]\ˆûŒû

{qce`dcFm�k]n]YlvqmDu$ª�YZ®š^9`=ge^$m.f�cRŒ�TWceceTrnDf•ceu$hJ`dŒ�`]}´XZ›
m.f•`b^9^9n]^�TWc

sH`bge`@u8ge`@s�Trf�m°ŒwTWu=^9n]a�m]u$ª]`bg�n]^�m”Œ�TWu=^9n]aqmDu$ª]`bg´›§m]Tr†Wcƒg9n�m.^eY

^9Tr…D`Šm�g&g9hJ`FsJ`dcRgeTofqm�g9TrnDf”hJnDcRgd‚@gehq`bf�geh�m�g�Œ�TWu=^9n]aqmDu$ª]`bg�m]fqs

m]†r†ƒg9hJ`�ŒwTWu=^9n]a�m]u$ª]`bg9c!ge^$m.f�cRŒ�TrgRge`@s�m.›;ge`d^”T¦g°Œ|{qc0g”vP`•^e`bY

g9^9m]fqcRŒ�TrgRg9`ds�}�’Uf·`b^9^enD^ŠTof•m°Œ�TWu=^9n]aqmDu$ª]`=gFToc—sH`=g9`du=ge`ds�v�x

`dT¦g9hJ`b^NgehJ`|†rTofJª�Yl†o`b…D`b†´u=xHu=†oTou°^e`@sH{JfqsJm]fqu=xzu$hJ`@u$ªy¤ ´± �U±–¥

nD^|g9hJ`z`bfqsHY g9n.YZ`bfqs�u=xHu=†oTouœ^9`dsH{qfqsJm.f�u=x•u$hJ`@u$ª_¤§•—± �U±–¥=¾

g9hJ`dce`z± �U±—cwm.^9`•u$hJ`du$ªD`dstm.g�gehq`œsH`@c0g9Trf�m�geTon]f�cRTWsH`•n]›Nm

†oTrfqª•m�gLg9hJ`”TrfqaJ{HgUvJ{��•`b^|¤§ce`b`”³´TrkD{J^e`”²�¥8}

“–hJ`�sH`@c0g9Trf�m�geTon]f•€(^9`du=`dTr…D`b^�m]u$ª fJn�•L†o`dsHkD`dc!Œ�Toub^enDaqm]u$ª�Y

`bg9cLv xœ^e`bge{J^9fJTofJkwgehJ`°hqTrkDhJ`dcRg!ce`d„�{J`bf�u=`”f {JŒ�vP`b^Nn.›Šu=nDfHY

g9TrkD{Jn]{qce†ox™mDubub`baHg$m.vJ†o`�Œ�TWu=^9n]aqmDu$ª]`bg9cd} SN`bfqub`]‚!T¦›�m£Œ�TrY

ub^enDaqm]u$ªD`=g�Toc�^9`du=`dTr…D`ds¨Tof½`b^9^9n]^@‚�gehJ`dfºgehJ`�^e`@u=`dTr…D`£cR`bY

„�{J`dfqu=`Uf {JŒ|v�`d^FcRg9m(xHc�nDf�gehJ`!…(m]†r{q`Un.›�g9hJ`N†Wm]cRgFu=nD^e^9`du=ge†ox

^9`dub`bTo…]`ds•ŒwTWu=^9n]a�m]u$ª]`bgd}•SNn�•F`d…]`b^@‚ƒ^9m.gehJ`d^wgehqm]f�^9`b†ox©n]f

sH{qaJ†rTWubm.ge`œ’N±��”c°g9nyceTrkDfqm.†—^9`=ge^$m.f�cRŒ�TWceceTrnDf•m]c|Trf�“N±—Vƒ‚

mšg9TrŒ�`bnD{Hg¬Œ�`du$h�m.fJTWcRŒ m�g‰g9hJ`£ce`bfqsJ`b^¬sH`bge`@u8g9c‰gehqm.g¬m

g9^9m]fqcRŒ�TrgRg9`ds™Œ�Toub^enDaqm]u$ªD`=g�•–m]c•fqn.gœmDu$ª fJn�•L†r`@sHk]`@s�m]fqs

^9`=g9^9m]fqcRŒ�Trg9c|m.†o†—Œ�TWu=^9n]aqmDu$ª]`bg9c°cRg9m]^Rg9TrfJk�•LT¦g9h£g9hJ`œ{Jfqm]u=Y

ª fJn�•L†o`dsHkD`dsinDfJ`]} ¹ihqTr†o`tmtgeToŒ�`bnD{Hg�Œw`@u$hqm.fqToceŒ Œ•m(x

fJn]gœvP`•m.aqaJ^enDaJ^9Tom.ge`‰›5nD^�m£†oTrfqª_•LT¦g9hºm£†on]fJk™sH`d†om(xD‚!Trg

TWc”aJ^9`=›5`d^e^9`ds�•LhJ`bfyg9hJ`•†rTofJªysH`b†Wm(x¬TWc”†on�•”‚
cR{�u$h©mDc”•LTrgeh

SNToVFVŠXZY‹[.\ˆûˆû|m.g�úsû�Œ�c!m.fqsz•Lhq`bf‰m]sJ`d„�{qm�g9`°vJ{��•`b^9TofJk�TWc

m(…�m.To†Wm.vJ†o`]}½“–hJ`y‡�YZvJTrgœce`d„�{J`bf�u=`‰f {JŒ|v�`d^9c·m.†o†rn�• {Jaig9n

µ

�

[y{JfqmDu$ª�fqn�•L†r`@sHk]`@s•Œ�Toub^enDaqm]u$ªD`=g$c�n]^•fJ`@m.^9†rxfúsû �”ˆ�‚

g9hJ`°cRToŸb`�n]›
gehq`”^e`@u=`bTo…]`�vJ{��P`d^d}

³´Trf�m.†o†rxD‚|•—`£fJn]ge`£gehqm.g�^9`=ge^$m.f�cRŒ�TWceceTrnDfºToc�TofqsH`baP`bfJY

sH`df�g�n.›�gehJ`�vPn.g9h�g9hJ` �!± {qce`ds™m.fqs�g9hJ`‰u=^9`dsHTrg�TofH›5n]^eY

Œ•m�g9TrnDf&}t“–hqm�g�TWcb‚F^e`bge^$m.fqceŒ�Toc9cRTon]ftnHudu={J^$c�vP`=g0•—`b`df•g9hJ`

nD{HgeaJ{Jg�vJ{��•`b^—n.›•gehq`NcRnD{J^$u=`Um.f�swgehJ`UTofJaJ{JgFvJ{��•`b^—n.›•g9hJ`

sH`@c0g9Trf�m�geTon]f·¤5n]fwmU†oTrfqª�v�m]ceToc$¥&•LhqTr†o`+�!±©m]fqs°ub^e`@sHT¦gƒTofH›5n]^eY

Œ•m�g9TrnDf¬aP`b^eg9m]Trf�n]fJ†oxzgen·gehJ` �!±Žvq{��P`d^9cd‚
mDcNTo†r†o{qcRge^$m�g9`ds

Tofœ³´Tok]{J^9`”²J}
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SUTWV�V�XZYZ[]\ˆûˆû�ToŒ�aJ†r`dŒ�`bf�g9c�`b^9^enD^&sH`=g9`du=geTon]f�gehq^enD{Jk]h�g9hJ`

{qce`yn.›�g0•—n™sHTocRgeTofqu=g9ú@[�YZvJTrgzubx ub†rTWu�^e`@sH{JfqsJm]fqu=x_u$hq`du$ªHc



VC0 Buffer

VC3 Buffer

VC2 Buffer

VC1 Buffer

VC0 Buffer

VC3 Buffer

VC2 Buffer

VC1 Buffer

Output
Buffer

Input
Buffer

ACK(seq #)

ACKs are generated independent of the VC number
and are sent to the Source in the reverse direction.

credit(VC, amount)

VC buffer and are sent to the Source in the reverse direction.
Credits are generated on a VC basis when data exits from the

Credits are consumed as a micropacket
Source Destination

moves from the VCn Buffer to the Output Buffer.

³´TrkD{J^9`�² 4�³�†on�•¨±FnDf�ge^9n]†�m.fqs �L`bge^$m.fqceŒ�Toc9ceTrnDf

¤Z± �L±—c$¥ 4�m|†rTofJª�YZ†r`d…]`b†&± �U±Ž¤§ƒ± �L±–¥—m]fqs�m.f·`bfqsHY g9n.YZ`bfqs

± �U± ¤ •—± �U±–¥8}F“–hJ`�•—± �U± aPn]†ox fJn]Œ�TWm.†”¤����������	�±ü
�

��������¯ú@¥�u=n�…D`b^$c´gehJ`�sJm�g$m”v x�ge`dcFn.›
m]†r†qgehJ`!Œ�Toub^enDaqm]u$ª�Y

`bg9cŠTof•m”Œ�`@cec9m.kD`]¾.g9hJTWc�Tofqu=†o{qsH`@c�g9hJ`NhJ`@m]sH`d^ŠŒ�Toub^enDaqm]u$ªD`=g

m]fqszm.†o†�n.›´gehJ`°sJm.g9mwŒ�Toub^enDaqm]u$ªD`=g$cF{qa·g9n�gehJTWcLaPn]Tof�gUTrf�m

Œ�`dc9c9m.k]`D}NSUn�•—`b…D`b^@‚�•–± �L±ŽsJn�`@cNfqn.g�ubn�…]`d^LgehJ`�u=nDf�ge^9n]†

vJTrg9cd}�ˆ—`dTrfJk�m.ft`bf�s Y g9n.YZ`bfqsš± �L±!‚
gehJ`œ•—± �U±p^e`dŒ•m.Tofqc

{Jf�u$hqm.fJkD`ds ›5^enDŒ g9hJ`•cRnD{J^$u=`©hJnDcRgzgen™g9hJ`£sH`@c0g9Trfqm.geTon]f

hJn�c0g@‚�`]} kq}o‚(gehJ^9n]{qk]h�ce•LT¦g$u$hJ`dc´m.f�s”vJ^9TosHkD`dcd}ƒ~N›qToŒ�a�nD^Rg$m.f�g

fJn]ge`–TWcƒgehJ`–›§mDu8gƒgeh�m�g�gehq`U•—± �U±©TWc�m]udu={JŒ|{J†om.ge`@s�n�…D`b^�m.f

`dfDg9Tr^9`UŒ�`dc9c9m.k]`D}�³qn]^Š`bjHm]Œ�aJ†r`D‚�mDcŠcehJn�•Lf•Trf�“´m.vq†r`N²q‚.g9hJ`

•–± �L±_n.›�g9hJ`�ce`dubn]fqszŒ�TWu=^9n]aqmDu$ª]`=gUubn�…]`b^$c—gehq`°TrfJ›5n]^9Œ�m.Y

g9TrnDf‰›5^9n]Œ vPn.geh�gehq`|¢�^9cRg�m]fqs¬ce`dubn]fqs¬Œ�Toub^enDaqm]u$ªD`=gd¾Pg9hJ`

•–± �L±©n.›Jg9hJ`�g9hJTo^9s|Œ�Toub^enDaqm]u$ªD`=g�ubn�…]`b^$c�g9hJ`–TrfJ›5n]^9Œ�m.geTon]f

›5^9n]Œ gehq`�¢q^$cRgd‚�cR`@u=nDfqs�‚•m.fqszg9hJTo^9s¬ŒwTWu=^9n]a�m]u$ª]`bgd‚Pm.fqs‰cen

nDf&}

“–hJ`°ƒ± �U±iaPn]†ox fJn]Œ�TWm.†Š¤��
���

���
�±ü

���
ý

�õú@¥–ubn�…]`d^9c

m]†r†&n]›�g9hJ`�sJm.g9m•m]fqszu=n]f�g9^enD†�vJT¦g$cLn.›ŠmwŒ�Toub^enDaqm]u$ªD`=gL•LTrgeh

g9hJ`·`bjJu=`baJgeTon]f£n]›NTrg9ce`b†r›0‚ŠT } `]}o‚ŠvJTrg9cw\�‡�Y‹[]²�n]›UgehJ`zu=nDf�ge^9n]†

TofH›5n]^9Œ•m�g9TrnDf&}ƒXZg—TWc—TrfJTrgeTWm.†oToŸb`ds�›5n]^–`dmDu$h�Œ�Toub^enDaqm]u$ªD`=g–m.fqs

Œ|{qc0gœv�`yubm]†oub{J†om.ge`@sš›5^enDŒ c9u=^$m�g$u$h�›5nD^•`@m]u$hi†oTrfJªiceTrf�u=`

cen]Œ�`‰…�m.†o{J`@c•u$hqm]fJk]`z›5^9n]Œ hJn]a_gen•hJnDa&‚L`]} kq}o‚U^9`dub`bTo…]`ds

ce`d„�{J`dfqu=`�f {JŒ�vP`b^Um]fqszu=^9`dsHTrgLTrfJ›5n]^9Œ�m.geTon]f&}

ˆ—n.g9hz± �U±—cLm.^9`�u$hJ`du$ªD`ds•m.g–gehJ`�TofJaJ{HgUvJ{��P`d^Ln.›�`@m]u$h

SNToVFVŠXZY‹[.\ˆûˆûzfJnHsH`]‚F•LhJ`=g9hJ`b^�Trg•v�`�mycR•LTrg9u$h�n]^�m.f£`dfqs

sH`d… Toub`]}�“–hJ`”u=nDŒ�vJTofqm�g9TrnDf•n]›&gehJ`�g0•—n�ú@[�YZvJTrgL± �U±—c–aJ^9n.Y

… TWsH`dc�m¬cRge^9n]fqk]`b^wu$hJ`du$ªyg9hqm.fšm¬ceTrfJkD†r`ôúd[.YlvJTrg•± �U± ›5nD^

†oTrfqªDYZ†o`b…]`d†—u$hq`du$ª Trfqk¬n.›�Trf�sHTr… TWsH{qm]†—Œ�TWu=^9n]aqmDu$ª]`bg9cd}ySNn �PY

Œ•m.f‰¿

�

À•cRhqn�•F`@s�g9hqm�gFfJn°`b^9^9n]^$cƒk]n”{JfqsJ`=ge`@u8g9`ds•{Jfq†r`@cecFm�g

†o`dmDc0g�ceT¦j©vJTrg9c�Trf•mzŒ�TWu=^9n]aqmDu$ª]`=g°m]^e`�Toft`b^9^enD^d‚�T } `]}o‚Dú•Tof

úD} ‡D[�vJTo†r†oTon]f¬vqT¦g$cb}w®Un.g�n]fq†rx�Œ|{qc0g�g9hJ`b^9`|vP`•m�g�†r`@m]cRg�ceTrj

vJTrg9cƒTofw`b^9^enD^d‚(vJ{Hg�g9hJ`–vJTrg9cƒŒ�{�c0g�vP`Uc0g9^9m.ge`bkDToudm.†o†rx�†onHubm�g9`ds

m]fqs©fJn]fJYZubn]f�geTok]{JnD{qcd}·¹iTrgeh•^9`dceaP`du8g�gen¬m‰ceTofJk]†o`�²Dµ�YlvJTrg

± �U±!‚(g0•—n�ce`baqm]^9m.ge`¬úd[.YlvJTrgF± �U±—c´m]^e`–`@m]ceTr`d^�g9n”ubm.†Wu={q†om.ge`

g9hqm.fzm•cRTofJkD†r`”²Dµ�YlvqT¦g–n]fJ`D}
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¹{¸�) �…¹{¸�� � �R¶
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X‹f�SUTWV�V�XZYZ[]\ˆûŒûq‚DsJm.g9m|Toc—g9^9m]fqceŒwTrgRg9`dsœTof·aqm]^9m]†r†o`b†•n�…D`b^

g9hJ`!udm.vJ†o`|¤§hJ`bfqub`!Trg9cFfqm]Œw`(¥Šm]fqs•cRge^9n]vP`ds�•LTrgeh•gehJ`�u=†onHu$ª

ceTrkDfqm.†l}p³´Tok]{J^9`‰\�cehJn�•Uc�gehJ`ycRTok]fqm]†N†oTrfq`dc•gehqm.g·`bf�m.vJ†o`

aqm]^9m]†r†o`b†ƒsJm.g9m•ge^$m.fqcR›5`b^�vP`=g0•—`b`bf¬g0•Fnœ`bf�s�sH`d… Toub`dcd}�“–hJTWc

aqm]^9m]†r†o`b†´m.^$u$hJTrge`du=ge{J^9`�m]†r†on�•UcLg9hJ`|{�cR`|n.›—±—•�~�ž�ubTr^$u={qT¦g$c

m]fqstm(…�m.To†om]vJ†r`�sJ^eTo…]`d^9c°m]fqs©^9`du=`dTr…D`b^$cb‚
geh {qc|aJ^9n�…�TWsHTofJk�m

g9^e`dŒw`dfqsHnD{qc
ubnDcRg
m.fqs�g9TrŒ�`bY g9n.YZŒ�m]^eªD`=g
c9m(… TrfJk�cb}Š¤ ’£ce`b^9Tom]†

ToŒ�aJ†r`dŒ�`bf�g9m.geTon]fzn.›�SUTWV�V�XZYZ[]\ˆûŒû�•FnD{J†Ws·h�m(…]`�^e`@„D{qTr^9`dsœm

ce`b^9Tom]†J†oTrfJªw^$m�ge`Nn.›�^enD{Jk]hq†rx�úsû�‘�vP€.cb‚D•LhJTWu$h•Toc�gen n�ubnDcRge†ox

•LTrgehzn]aJgeTWubcLm.f�s•ToŒ�a�n�ceceTrvq†r`�g9n�sJn••LT¦g9hzubn]aJaP`b^Uudm.vJ†o`]}*¥
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SNToVFVŠXZY‹[.\ˆûˆû¬sH`b¢qfJ`@c�myaqm.^$m.†o†r`d†Uu=nDaJa�`d^�ubm]vJ†r`�Tof�ge`d^R›§mDu=`

›5nD^Um�úd[�YZvJTrgNsJm�g$m�cRxHcRge`bŒ {qceTrfJk�mwg9n.g$m.†&n]›�g0•—`bf�g0x�Y g9hJ^9`b`

�

ûŒû�Y‹•�vqm]{qs•ceTrkDfqm.†Wc�Tofš`@m]u$h™sHTo^e`@u8geTon]f¨¤Þú@[�›5n]^�sJm.g9mJ‚F\

›5nD^Uu=n]f�g9^enD† ‚�ú�›5n]^–›5^$m.Œ�TofJkq‚�m.fqs�µ�›5n]^Uub†rnHu$ªHc9¥=‚qm]cLcehJn�•Lf

Tof�³´Tok]{J^9`�\�}°“–hJ`wudm.vJ†o`|mDcece`bŒ|vJ†oxœaq^en�… TWsH`dc!sHT �•`b^9`bf�g9Tom]†

aqm.gehqc�›5n]^F\D[|cRTok]fqm]†ocd‚�µ]²”Tof•`dmDu$h�sHTo^e`@u8geTon]f
}ƒ“–hq`!u$hqm]^9mDu8Y

g9`b^9TocRgeTWu�ToŒ�a�`@sJm.f�u=`–m.fqs�Œ�m.jHTrŒ|{JŒpsHTWc0g$m.fqub`Fn]›Jgehq`–udm.vJ†o`

m]^e`ôú

�

û¬¹ m.f�s•\ˆû�Œz‚Š^9`dcea�`@u8geTo…]`d†rxD}t¹ihJTo†r`œgehq`zudm.vJ†o`

g9nœce{JaJaPn]^eg!g9hJTWc”cRaP`b`@s�m]fqs¬sHTWcRg9m.f�u=`�Toc�`bj aP`bf�cRTo…]`D‚�T¦g”TWc

m(…�m.To†Wm.vJ†o`Ng9hJ^9n]{JkDhœubn]Œ�Œ�`b^$u=TWm.†•…]`dfqsHn]^$cd}

SUTWV�V�XZYZ[]\ˆûˆû�m.†WcRnzsH`b¢qfJ`dc”mœ†onHubm.†�`d†r`@u8g9^eTWubm]†´Tof�ge`d^R›§mDu=`

•LTrgeh|gehJ`—TofDg9`bf�gƒgen�sH^9Tr…D`Faqm]^9m]†r†o`b†�n]aJgeTWubm.†�g9^9m]fqceub`bTo…]`d^9c
n]f

g9hJ`�c9m.Œ�`�u=To^$u={JTrg
vPnDm.^$s�}´“–hJ`Šn]aJgeTWubm.†DTrf�g9`b^e›§m]u=`�Toc�sH`=¢qfq`ds

›5nD^Um.fz‡�YZvJT¦gU^$m�g9hJ`b^—g9hqm.f�m…úd[.YlvJTrgUsJm�g$m•cRxHcRge`dŒœ‚H{�cRTofJk•m

g9n.g9m]†Hn.›�g0•F`d†r…D`”úbY‹‘�vqm]{qswcRTok]fqm]†oc´Tof�`dm]u$hwsHTo^e`@u8geTon]fz¤§‡�›5nD^

sJm.g9mq‚ µ�›5nD^—ubn]f�ge^9n]†l‚€úN›5n]^�›5^9m]ŒwTofJk�‚�m]fqsGúL›5nD^—ub†rnHu$ªJ¥8¾ cR`d`

g9hJ`�f {JŒ�vP`b^$c”Toftaqm.^9`bf�g9hJ`dce`dc”Tof•³´TrkD{J^9`•\q}z¸N{J`�gen�g9hJ`



V�mDu$ª]`=g ±Fn]f�g9`bf�g9c ƒ± �L±˜±Fn�…]`d^9m]k]` •—± �U± ±Fn�…D`b^$m.k]`

ú SN`dm]sJ`b^@‚JˆFx�g9`dc1û�YR¡ SN`dm]sJ`b^@‚JˆFx�g9`dc1û�YR¡ ‚HusûŒû�Y‹u=\H¡ SU`@m]sH`d^d‚Jˆ—x�ge`@c1û�YR¡

µ ˆ—xDg9`dcL‡.YZ²D  ˆFx�g9`dcU‡.YZ²D J‚Hu�ûˆû�Y‹u=\ ¡ SU`@m]sH`d^d‚Jˆ—x�ge`@c1û�Y‹²] 

² ˆFx�g9`dc–\ˆû.Y0¡Fú ˆFx�g9`dc–\ˆû.Y0¡Fú]‚ u�ûˆû�Y‹u=\ ¡ SU`@m]sH`d^d‚Jˆ—x�ge`@c1û�YR¡Sú

\ ˆ—x�ge`@c!¡.µ�YØúOû]² ˆ—x�ge`@cN¡.µ�YØúOû]²J‚ u�ûˆû�Y‹u=\H¡ SU`dmDsH`b^@‚Jˆ—x�ge`dc6û�Yzúsû]²

�

ˆ—x�ge`@c`úsû]\.Yzúd²

�

ˆ—x�ge`@c`úsû.\]YØú@²

�

‚�usûŒû�Y‹u=\H¡ SU`dmDsH`b^@‚Jˆ—x�ge`dc6û�Yzúd²

�

usûŒû.YZub\ ¡�^9`baq^e`@cR`dfDg–vJTrg9c ûˆû�YZ\ ¡”n.›´gehJ`°ubn]f�ge^9n]†•TofH›5n]^9Œ•m�geTon]fœTofzmwŒ�TWu=^9n]aqmDu$ª]`=g@}

“�m]vJ†o`�² 4F±Fn�…]`d^9m]k]`Un]›Š±FxHu=†oTWu �U`dsH{Jf�sJm.fqubxz±FnHsH`@cb}

›§mDu8gNg9hqm�gNgehJ`|n]aHg9Toudm.†
Tof�ge`d^R›§mDu=`°•–m]cLfqn.g!mDcL›§m.^�m.†on]fJk•Tof

sH`@cRTok]fwm.fqs|c0g$m.fqsqm.^$sHTrŸ@m�g9TrnDf&‚(T¦gƒ•—mDc�ceaJ†oT¦g�n ��Tof�gen�mNce`baqm.Y

^$m�g9`–cRg9m]fqsJm]^9sJcƒsHnHub{JŒ�`bf�g�ubm]†r†o`ds�gehJ`USNTrkDhHY‹Vƒ`b^e›5n]^9Œ�m]fqu=`

V�m]^9m]†r†o`b†�X‹f�ge`d^R›§mDu=`4� [.\^ûŒû••�vP€.c�~!aHg9Toudm.†�žHa�`@u=Tr¢�ubm.geTon]f
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